I.Theory of the relaxation by collision of molecular multipole moments : impact approximation with long range electrostatic interactions 
and its various improvements and extension. A recent review of the relaxation calculations, discussing in particular the validity of the Anderson approximation has been recently made by Rabitz [2] for the rotation and rotation-vibration lineshapes, where the reader can found numerous references to the previous literature. To take into account the isotropy of the collision processes, it is useful to use tensor operator formalism, this has been done in the standard reference works of Tsao and Cumutte [3] , and more recently by Ben Reuven [4] . These works study optical linewidth and displacement, but this tensor operator formalism is also particularly well adapted to study the relaxation processes of polarization dependant phenomena, which were not studied in previous works, owing to the fact that the polariza-(*) Laboratory associated with the Centre National de la Recherche Scientifique. tion of emitted light is easily related to the tensorial components of the density matrix. This theoretical framework [3, 4] has been used by Omont [5] , D'Yakonov and Perel [6] to study relaxation processes of polarization-dependant phenomena in atoms (Hanle effect [7] , magnetic resonance, etc...) and extended by Carrington, Stacey and Cooper [8] to atoms with any angular momenta. More recently this kind of polarization-dependant studies has been extended to diatomic molecules. It is then useful to adapt the preceding theories to this case. In this paper we present the equations needed to study the effect of collision on various characteristic quantities of the upper molecular state of the optical transition studied : total intensity, polarization, etc... We limit ourselves explicitly to measurements integrated over the linewidth of the optical line, i.e. we do not study the line shape of the optical emission line, since this work has already been done by Tsao We finally obtain : with 3. 1. 3 Relation between pA and P AB. -Let pA, PB and pAB be the density matrices respectively representing the states of the molecule A, the molecule B, and the two molecules together; they are respectively defined in the two spaces subtended by rxN) and Bv and in the product space subtended by I afJNv ). As previously (2) , these matrices can be expanded in terms of irreducible tensors defined by relation (3) and (4) In the same way as to the FA matrix, the FAB matrix connects the tensorial components of pAB after and before collision :
In order to obtain the component of rA in terms of rAB we replace on the left hand side of (7) the components of pA( + oo) as a function of those of pAB( + oo) using relation (11) then we express the latter as a function of the components OFPAB(-oo) using (12). By identification, TA and r AD can be related using two of the assumptions made to describe the collision :
(i) absence of correlation between the two molecules before collision :
( This expression permits us to relate the F' given by (13) , and thence the AF' given by (10) We note that this kind of equality ceases to hold for k # 0, since part of the internal angular momentum of the molecule is transferred to the relative angular momentum of the molecules. A calculation which contains this expansion up to the (n + 1)th term, 0(n), corresponds to a calculation taken to the nth order of perturbation as a function of time.
S MATRIX AS A FUNCTION OF V(t)
We recall that the operator U(t, to) acts within the first group of levels as introduced in § 2. The interaction potential, Veff , defined in this space, itself follows from a stationary time-independant Rayleigh-Schr6dinger perturbation expansion (1), introduced to take account of the levels of the second group.
The transition from small to large values of the separation AE between the studied level and another level (which then goes from the first (near) to the second (distant) group of levels) has been studied in detail by Gay With the assumption that ra + rb R (absence of overlap of the wavefunctions of molecule A and B) V can be expressed using Taylor expansions about OA and OB. The following expression was obtained by Fontana [12a] , taking the axes OA z and OB Z to be parallel and directed along R (we shall call this the intermolecular reference frame (Fig. 1) This tensor is of dimension rK 1 + K2 and acts in the space A. By expressing V given in (29) as a function of the operator C defined in (30), then replacing the Clebsch-Gordan coefficients in terms of the « 3 j » symbols, and further making use of the relations between the « 3 j » and « 9 j » symbols (Messiah [10] On the other hand the transformation between the product TQ(A) T §(B) and the coupled representation is an orthonormal one and conserves the completeness. Finally the fact that QJ = 0 in (37) is a mere consequence of the invariance of the interaction 'B1 when one rotates the whole system of the two molecules around the intermolecular axis.
As a consequence, the following formulae could be used even for short distance interaction, by replacing as,JIRns and UKQ by respectively fs,J(R) and TQ defined by (37). (Fig.1) .
Thus in equation (20) the matrix elements of U and 9Y are taken among the wavefunctions ( NvMu )c defined in the collision coordinate system. Now the operator 'B1, given by (36) has been expressed as a function of the variables R, ra, rb defined in the intermolecular coordinate system (Fig. 1) ; therefore the matrix elements of 9J will be calculated by using the wave-functions defined in the intermolecular coordinate system (subscript i), NvMu )i. It therefore remains for us to express the element Nvmp 19J I N'v'M'p'&#x3E;,, in terms of the elements Nvmp 'B1 N' v' M' ,u' & # x 3 E ; i . This is done in appendix B by noting that for each molecule the intermolecular coordinate system is obtained from the collision system by a rotation through 0 about the axis OYc (identical with Oyi). Then, this rotation, relative to the molecule A, is expressed by the rotation operator Ro.,(O) : with the angle 0 (Fig. 1) varying from n to 0 between to = -oo and t = + oo. Using the tensorial decomposition of (J in the basis of irreducible tensors as well as that of V given by (36) and using the properties of the rotation operator, we obtain after a calculation detailed in appendix B, a new form of equation (21) : where, using the convention of (Messiah [10] , 2 C (55)) rMO(e) = RJMO(080). 
(O) S(2)+ + S(O)+ S(2).
It can be shown [13] with In this expression n = 2(Kl + X, + 1) and the function y is defined by (34). We recall that K varies from zero to 2 Kl, x from zero to 2 X, and J from ( K -x to K + x, and also that the summation E' means that K and x cannot simultaneously be zero. iii) Two interactions must sometimes be considered at the same time, one in first order, 'BJ lKK' and the other in second order ('BJ 2KIK2XIX2). An example might be the quadrupole-quadrupole interaction in first order (K = X = 2) which varies as R-5 and the dipole-dipole interaction in second order (Ki = K2 = 1, X1 = X2 =1 ) which varies as R-6. In this case several cross terms appear in AFI : we have 'BJ = (cUlK, + 'D'2KIK2XIX2) and from (42) :
3.5 CROSS-SECTION. - The collision term, :t NN k occurring in the density matrix eq. (5), can now be 6t q evaluated using expressions (6) , (9) We shall now, for this case, detail the calculation of a" starting from 4Tk. The collision cross-section obtained by identification of (46) and (47) We recall that Gay [11] has studied in detail the validity of this procedure for studying relaxation processes and its non validity for studying the transfers when the separation AE of levels is larger than 1/Tc (where all the contribution comes from short range collisions).
The cross-section corresponding to the level N is then given by
We remark that frequently the average over v is not performed numerically, and the usual approximation consists of replacing v by its average v.
4. Spin recoupling. -So far we have studied the evolution of the tensorial components fXNfX'N'p:; of the density matrix under the effect of the collision in the level aN ) of the molecule under examination. This evolution was characterized by the quantity fXNfX'N'fXONofXÓN'oð.rkN defined by relation (6) and expressed by use of (9), (10) and (42) When spin S exists, it couples with the kinetic momentum N and the level aN ) splits into fine structure levels aJ ) with J = N + S. In the same way as previously ( § 3) the density matrix is decomposed according to its tensorial components : i) either in the coupled space aNJ ) (we now drop index a to simplify the notation) : the evolution of these components under the effect of collision is then expressed by :
ii) or in the uncoupled space aNS &#x3E;
Taking into account that the electrostatic interaction which is responsible for the collision does not act upon the spins and thus reduces to the identity operator in this space, the evolution of these components under the influence of the collisions is noted as ii) N ¥= No : NNNONOAF' is given by (19b).
Appendix B. -The notation used here is that employed by Messiah [10] . The wavefunction 1 NM)i defined in the intermolecular frame ( Fig. 1 ) may be deduced from the NM B defined in the collision frame through the rotation operator ROA,,(O) defined by (Messiah [10] , 2 C (46)) :
Conversely, by use of the unitary and orthogonality properties of the rotation operator (Messiah [10] , 2 C (57) (60)) we obtain :
The matrix element of qY in the collision frame is then obtained as a function of the corresponding element in the intermolecular frame Replacing 'U by its expression (36) (Fig. 1) . We first express the molecular wavefunctions, then we give the reduced matrix element, considering separately the electronic and nuclear contributions.
1. WAVEFUNC'TIONS . -In this paragraph we shall give our conventions for the molecular wavefunctions lap I A I vNM&#x3E; (short hand notation IFIAI) since these conventions differ widely from author to author.
We consider the general case of diatomic molecules corresponding to Hund's case b or a. In Hund's case b, A is the projection of the total orbital electronic angular momentum (and is therefore integral), the spin coupling giving rise to a fine structure much smaller than the rotational structure. On the contrary, in Hund's case a, where the fine structure is much larger than the rotational one, the total orbital electronic angular momentum is coupled to the spin, to give the total electronic angular momentum whose projection on the internuclear axis is Q ; Q is therefore integral or half-integral.
In the following we use the notation of case b where A, the projection of the total orbital electronic angular momentum, can be integral or half-integral, to allow treatment of the general case of coupling; N can also be half-integral (note that in case a A and N must be replaced by Q and J). (Fig. 2) .
ii) hv(P) : the vibrational nuclear part with p the internuclear distance.
iii) X'A(#LX) : the rotational nuclear part; the a and P angles (1) determine the rotation R(afJO) through which the intermolecular frame superposes the molecular one (Fig. 2) (the third arbitrary angle, y, has been fixed at zero : it is this convention that leads our formulae to be somewhat different in form but equivalent, to the ones of Carrington et al. [14] and Chiu [ 15] ).
We have the following expression where the rotation matrix R is that of Messiah [10] :
(1) The angle a, and the subscript a, which covers all the undefined quantum numbers, must not be confused. (2) If qlA were an atomic wavefunction of parity ( -)P and orbital momentum L, one would have S(Oxm) 0 A = (-)n e-illL OA which would correspond to our definition for a monoelectronic atom. In the case in which L is no longer a good quantum number, one has to choose arbitrarily a phase. We have chosen here this phase equal to zero but other authors (Carrington, A., et al. [14] , Chiu [15] ) choose different conventions, which explains the formal difference between their formulae and ours.
Inserting this relation in L3 and using relation (Messiah [10] , 2 C (66)) and (Edmonds [16] , 4, 62) we obtain :
The 3 j selection rules implies M -Q -AT = 0 which allows us to replace ( -)(Q -Q' + M' -A') by ( -) (N -M + N -A) ; the general term becomes :
We now want to show that there are simple relations between first and fourth (and between the second and third) terms in (65), terms which differ by changing the signs of A and A'. Using (63) and its complex conjugate Inserting this expression into (65) we obtain : t = M1 M2 M3 with :
M3 can be simplified in the same way as C3 ; t becomes and the nuclear reduced matrix element is :
